The purpose of this study was to identify optimum fertilization technology for Neolitsea sericea and Cinnamomum yabunikkei, which are major species of broad-leaved afforestation trees. Depending on the treatment of water soluble fertilizers (N:P:K = 19:19:19, v/v/v), changes in root collar diameter, plant height, dry weight, and seedling quality index were measured as growth characteristics and changes in photochemical efficienty and chlorophyll content as physiological characteristics. After analyzing growth characteristics the highest root diameter and plant height growth were observed in 1.5 gL concentration in the case of N. sericea, and 1.0 g･L -1 in the case of C.
Introduction
Cinnamomum yabunikkei and Neolitsea sericea are broad-leaved evergreen camphor trees observed in the warm temperature zone in Korea, and they were selected among the 300 plant species for climate change adaptation on the Korean Peninsula (KFS, 2013) . According to a report published by the Korea Forest Service (2013) , an area of approximately 20,000 ha is forested annually in Korea, and broad-leaved trees account for 55% of the total forested area.
In addition, broad-leaved evergreens in the warm temperate zone have been revalued recently as biological and genetic resources and ecological tourism resources. Studies have been conducted on the distribution and ecological characteristics of these species and interest in the restoration of damaged forests in warm temperate zones has grown (Park et al., 2010) .
As the demand for domestic broad-leaved trees has grown recently, it is necessary to research and develop technologies to cultivate and plant broad-leaved seedlings. However, there are only a few fundamental studies on the production and growth of broad-leaved evergreens, and the structure of production. In addition, due to abnormal weather events that frequently occur, seedlings in open fields are often flooded during localized torrential downpours in summer and are damaged by frost in winter . Therefore, it is time to develop technologies to mass-produce high-quality seedlings in greenhouses and to respond to rising labor costs. In Korea, since seedlings of only few broad-leaved trees such as Quercus myrsinaefolia, and Quercus acutissima Carruth are grown in containers, the demand for producing a wider range of container-grown broad-leaved trees is on the rise in the forestry industry (Kwon et al., 2009 ).
In general, various factors are involved in the process of greenhouse cultivation such as light, temperature, humidity, container type, bed soil, and fertilization techniques (Grossnickle, 2005; Aghai et al., 2014) . Among them, fertilizers must be applied to plants grown in containers filled with bed soil (Broschat, 1995) . In particular, the quality of container-grown seedlings changes depending on fertilization techniques and the subsequent physiological and growth characteristics and nutrient loading of seedlings (Landis et al., 1989) . Since improvement in the drought and cold resistance, survival and growth of container-grown seedlings and their competitiveness with low vegetation, and reduction in stress from transplanting are observed only after transplanting seedlings into a forested land, suitable fertilization techniques need to be used to meet the different nutrient uptake of various species and thus to produce high-quality container-grown seedlings, and to improve the performances of afforestation (Cho et al., 2012; Dumroese et al., 2013) .
However, repetitive fertilization causes environmental issues in soil and stream water near greenhouses (Juntunen et al., 2003) , and excess or deficiency in nutrients can affect the physiological characteristics of species, resulting in low-quality seedlings (Lee et al., 2006) . Therefore, to ensure seedlings grow and take root well after transplanting, different fertilization techniques should be applied to different species, and many studies have been conducted on its effects both in Korea and overseas (Ingestad, 1979; Phillion and Libby, 1984; Shin et al., 1999; Byun et al., 2007; Kwon et al., 2009; Sung et al., 2011) .
Meanwhile, no matter in which system seedlings are cultivated, their morphological and physiological characteristics are closely related to their high survival rate, plant length and root collar diameter after transplanting. These are key factors to the success of afforestation. The morphological characteristics of seedlings include the size of seedlings (plant length, root collar diameter, etc.), the dry weight of each part and the T/R ratio (top/root dry weight ratio) and other quality evaluation indicators. The H/D ratio [plant height (cm)/root collar diameter (mm)], an indicator used to evaluate the healthiness of seedlings, is determined as a ratio of the height of a plant to its root collar diameter (Thompson, 1985; Haase, 2007) . The lower the dry weight, H/D ratio and T/R ratio (leaf+shoot dry weight/root dry weight) of seedlings, the higher the seedling quality index [SQI = seedling dry weight (g)/(H/D ratio + T/R ratio)], which is recognized as a relatively healthy seedling (Bayala et al., 2009) . Likewise, key morphological characteristics can be used to evaluate the quality of seedlings (Landis et al., 1989; Haase, 2007) , and the quality of produced seedlings is evaluated later based on the survival and growth rates of seedlings after transplanting (Landis et al., 1995) . Against this background, this study aimed to identify the growth and physiological changes in seedlings of Cinnamomum yabunikkei and Neolitsea sericea, selected as species for climate change adaptation, depending on the concentration of fertilizers. In particular, the low survival rate of the seedlings of camphor trees after planting is attributable to the characteristics of deep-rooted tree species, such as the low growth of rootlets of seedlings.
This study focused on the effects of the different concentrations of a fertilizer on the growth and physiological characteristics of camphor tree species. Data on the proper concentrations of the fertilizer for each species obtained in this study can be utilized to establish a system for producing container-grown seedlings of evergreen broad-leaved camphor trees.
Methods

Test site and species
This study was conducted in a glass greenhouse located in the Southern Forest Resources Center of the National Institute of Forest Science in Jinju, South Gyeongsang Province. Cinnamomum yabunikkei and Neolitsea sericea used in this study were 2-year old seedlings bought from the Wando Forestry Cooperative. The two species were grown from February, 23, 2015 for 2 months in a glass greenhouse in the Southern Forest Resources Center, and a total of 75 seedlings (15 seedlings x repeating 5 times) of a similar size for each species were selected and transplanted into containers (diameter 16 cm × height 20 cm). Nursery bed soil used in this study was composed of peat moss, perlite and vermiculite (1: 1: 1, v/v/v) (Tobi Tech, Korea), and underground water was watered for each container everyday (20 L/day) before treating them with the fertilizer. Seedlings transplanted into containers were grown in a greenhouse for one month to ensure they take root. After one month, the average length of Cinnamomum yabunikkei was 10.3±0.5 cm, and that of Neolitsea sericea, 8.2±1.9 cm.
Treatment with a fertilizer
A water soluble fertilizer, MultiFeed 19 (N:P:K=19:19:19, Haifa Chemicals, Israel), was applied once a week from June 3 to September 24, 2015, a total of 16 times. The concentrations of the fertilizer were 0.0, 0.5, 1.0, 1.5 and 2.0 g･L -1 , and it was applied once a week along with watering. For each species, 15 trees were planted in one container (a total of 17 trees in 5 containers). They were not watered on the same day when they were treated with the fertilizer, and 5 L of a diluted solution mixed with each concentration of the fertilizer (including the control group) was poured in a watering pot and sprayed over the seedlings.
Growth and physiological characteristics
Growth characteristics
For each species, 5 trees from June 3, 2015 before treating with the fertilizer, and 5 trees after treating with the fertilizer to September 24, 2015 were selected to identify the growth characteristics of each species depending on the concentration of the fertilizer (a total of 20 trees). Their root collar diameter and plant length were measured every 20 days repeatedly and their growth and relative growth rate (RGR) were analyzed based on the results. The relative growth rate was calculated as a ratio of the root collar diameter and plant length before treatment for each unit period (day -1 ) to the total cultivation period (Hughes and Freeman, 1967) , and the H/D ratio [SQ; sturdiness quotient = height (cm)/root collar diameter (mm)] was also calculated to evaluate the healthiness of seedlings (Bayala et al., 2009) . Electric calipers and steel tapes were used to measure the root collar diameter and length of seedlings. After completing all the test in the middle of September, 10 trees of each treatment group (a total of 50 trees) were sampled and their roots, stems and leaves were collected separately. After drying them at 65°C for 48 hours in a drier, their dry weight was measured. Based on the results, the dry weight and T/R ratio of each tree were calculated (Šestak et al., 1971; Dominguez-Lerena et al., 2006) . In addition, the seedling quality index [SQI = seedling dry weight (g)/(H/D ratio + T/R ratio)] was calculated to comprehensively evaluate the quality of container-grown seedlings (Deans et al., 1989) .
Physiological characteristics
Chlorophyll fluorescence reaction
Photochemical efficiency is an important indicator of stress on growth environments, and was analyzed by measuring the maximum net apparent quantum yield (F v /F m ) of the optical reaction of each group treated with the different concentration of the fertilizer. To do so, a clip was put into the center of the 2 nd or 3 rd leaf from the top to darken the leaf for 20 minutes, and their chlorophyll fluorescence reaction was measured using a kinetic imaging fluorometer (FluorCam, Photon System Instruments, Czech) once a week, and the process was repeated 3 times by species and group. Their fluorescence reaction was measured after placing a target container in a light-tight darkroom for 15 minutes to ensure the seedling adapt to darkness. A ray of 2000 µmol･m -2 ･m -1 was applied (Choi and Kim, 1995; Demmig and Bjorkman, 1987) , and the initial fluorescence reaction (F 0 ), maximum fluorescence reaction (F m ), maximum change (F v =F m -F 0 ) and optical reaction efficiency (F v /F m ) of seedlings were measured and compared.
Chlorophyll content analysis
The photopigment content in leaves tends to decrease under stress, and thus it has been widely used as an indicator of stress, which shows a big difference between species (Han et al., 2009; Kim et al., 2001) . To examine changes in the chlorophyll content depending on the concentration of the fertilizer for each species, the method of Hiscox and Israelstam (1979) that uses DMSO (dimethylsulfoxide) as a solvent was used to extract chlorophyll from seedlings. The absorbance of the extracted liquid was measured at 663 nm (A663) and 645 nm (A645) using an UV-visible spectrophotometer (Nicolet Evolution 100, Thermo Electron Co., USA), and calculated using the following equations.
Chlorophyll a (mg･g -1 fresh w.t.) = (12.7×A 663 -2.69×A 645 )
Statistical analysis
The data measured depending on the concentration of the fertilizer were compared and analyzed based on the significance of each treatment section analyzed using Duncan's multiple range test, and all the statistics were analyzed using SPSS version 18 (SPSS Inc., Chicago, Illinois, USA, 2003).
Results and Discussion
Growth characteristics
Growth of root collar diameter and plant length
The size of seedlings to be planted in afforestations is determined mostly based on the geographical conditions required for the growth of the species, and the plant length and root collar diameter are used as a basic element (Thompson, 1985) .
Changes in the growth of the root collar diameter and plant length of Cinnamomum yabunikkei depending on the concentration of the fertilizer were observed, and it was found that those grown in a container treated with a relatively low concentration of the fertilizer (1.0 g･L -1 ) showed the highest growth, and Neolitsea sericea grown in a container treated with the 1.5 g･L -1 concentration showed the highest growth. However, there was no statistically significant difference between different concentrations (Table 1) . The relative growth rate of the plant length and root collar diameter was similar to their growth rate (except the growth results of the root collar diameter of Neolitsea sericea), and the H/D ratio also coincides with the growth results (Table 1 ). The higher the concentration of the fertilizer, the higher or lower the growth of the root collar diameter and length of each species, showing no statistically significant difference.
As shown in the results of this study, some earlier studies also reported that the higher the concentration of a fertilizer, the lower the growth of the root collar diameter and length of container-grown Betula pendula (Juntunen et al., 2003) ,
Quercus myrsinaefolia Bl. (Sung et al., 2011) , Betula costata Trautv. (Cho et al., 2011) . In general, the growth and survival rates of plants increase as the concentration of a fertilizer increases, but after reaching a certain concentration level, they tend to decrease (Ingestad, 1979; Gilliam et al., 1980; Kwon et al., 2009) . The level differs depending on the amount of nutrients required for each species, and the negative impact of excessive fertilization on the growth of plants seems to be nutrient toxicity (Timmer and Amstrong, 1987) . In other words, since the different amount of nutrients is required for each species, it is necessary to suggest the optimal level of fertilization (drainage, recovery) for each species grown in bed soil in a greenhouse (Landis et al., 1989; Broschat, 1995; Dumroese et al., 2013) .
Meanwhile, the growth of the root collar diameter and plant length of seedlings grown in the containers treated with the fertilizer were higher than that of those grown in the non-treated containers, which shows the importance of an optimal level of a fertilizer in the process of producing evergreen broad-leaved camphor trees like the species tested in this study.
H/D ratio
The H/D ratio is a ratio of the above-ground growth to the below-ground growth and is used to evaluate the healthiness of seedlings (Deans et al., 1989) . The healthiness of seedlings is evaluated based on the type of seedlings, for instance, whether they are stocky or spindly types (Thompson, 1985; Haase, 2007) . The H/D ratio is useful for evaluating the ability of all kinds of seedlings either grown in an open field or in a container to tolerate physical damage such as wind and dryness, and, in some cases, it is used as an important criteria to evaluate container-grown spindly seedlings that grow well in high-density and low-light conditions, and thus have a high H/D ratio (Thompson, 1985; Haase, 2007) . In addition, excess or deficiency in fertilizers can cause an imbalance between the above-ground growth and the below-ground growth, which results in negative effects after afforestation such as an increasing withering rate, and a decreasing growth rate (Etter, 1971; Phillion and Libby, 1984; Van den Driessche, 1988) .
In this study, changes in the H/D ratio of Neolitsea sericea and Cinnamomum yabunikkei seedlings grown in containers treated with the different concentrations of a fertilizer were examined. The ratio of Neolitsea sericea seedlings in the 1.5
g･L -1 container was the highest (7.0 cm･mm -1 ), and that of those in the non-treated containers, the lowest (3.7 cm･mm -1
).
The H/D ratio of Cinnamomum yabunikkei seedlings in the 1.0 g･L -1 container was the highest (9.3 cm･mm -1 ), and that of those in the non-treated container, the lowest (4.7 cm･mm -1 ). Regardless of the concentrations of the fertilizer, the H/D ratio of Neolitsea sericea ranged from 3.7 to 7.0 cm･mm -1 , and that of Cinnamomum yabunikkei ranged from 4.7 to 9.3 cm･mm -1
. Johnson et al. (1996) reported that container-grown seedlings of which H/D ratio is lower than 10 cm･mm -1 can be categorized as a healthy seedling. Guidelines for seed and nursery businesses in Korea suggest the standards of seedlings for forests, and the standard H/D ratio of needle-leaved trees ranges from 8 to 14 cm･mm -1 , and that of broad-leaved trees ranges from 9 to 22 cm･mm -1 (KFS, 2013).
In this study, both of the two species showed a statistically significant change in the H/D ratio depending on the concentration of a fertilizer, but the ratio was lower than the range suggested in the guidelines for seed and nursery businesses, which is attributable to differences in the conditions for the growth of each species such as different concentrations of the fertilizer and watering techniques or differences in the growth reaction of each species. However, since the growth patterns and the characteristics of each species differ, it is difficult to evaluate the quality of their seedlings and identify the proper amount of a fertilizer for each species based on one element, such as the H/D ratio. It is recommended to comprehensively consider their growth characteristics such as the distribution of photosynthates and the development of roots, and their physiological characteristics such as photosynthesis and chlorophyll content.
Dry weight
The dry weight of seedlings is closely related to their root collar diameter, and the two elements are recognized as a key factor that affects their survival and growth rates after afforestation (Switzer and Nelson, 1963; Ritchie, 1984) . In this study, the balanced growth of seedlings grown in containers treated with the different concentrations of a fertilizer was examined by measuring the dry weight of above-ground and below-ground parts. The dry weight of each part and the entire body was measured, and it was found that the dry weight of the leaves, stems, roots and entire body of seedlings grown in the non-treated container was lower than that of those grown in containers treated with the different concentrations of the fertilizer (Table 2) . Neolitsea sericea seedlings in the 1.5 g･L -1 container showed significantly the highest total dry weight, over 30% higher than that of seedlings in the non-treated container. The total dry weight of Cinnamomum yabunikkei seedlings in the 1.0 g･L -1 container was the highest, over 34% higher than that of seedlings in the non-treated container, but there was no statistically significant difference between different concentrations. The total dry weight of the two species tended to decrease when the concentration of the fertilizer was higher than 1.5 g･L -1 as the results of the root collar diameter and plant length of the two species showed.
Proper fertilization that meets the amount of nutrients required for each species creates optimal nutritional conditions in soil, which results in significant growth combined with active photosynthesis activities (Richards et al., 1973; Han and Chiba 2009; Cho et al., 2011) . In particular, the nutrient content in soil is in a proportional relationship with the growth of plants (Inagaki et al., 2009 ). In addition, fertilization affects the content of organic matters, the characteristics of microorganisms, the activity of enzymes, etc., which, in turn, affects the growth characteristics of plants (Compton et al., 2004) . In this study, seedlings of both the two species that showed a relatively high root collar diameter and plant length also showed a high dry weight, and in many earlier studies, seedlings that showed a high root collar diameter and plant length and good physiological characteristics depending on the type, method and timing of drainage, and the type of fertilizers also showed the highest dry weight and nutrient use efficiency (Timmer and Miller, 1991; Juntunen et al., 2003; Way et al., 2007; Kwon et al., 2009; Luis et al., 2009; Park et al., 2010; Cho et al., 2012; Dumroese et al., 2013) .
Water soluble fertilizers used in greenhouses are mostly composed of nitrogen, phosphorus, potassium and other microelements, and these nutrients affect the growth of plants (Ingestad and Agren, 1992) . In other words, the higher the amount of fertilizers, the more sufficiently plants can absorb nutrients, which addresses a deficiency in nutrients and increases the growth of plants (Salifu and Jacobs, 2006) . In general, the higher the amount of fertilizers, the higher the growth rate of plants, but some species can be damaged by excessive fertilization beyond their critical concentration (Landis et al., 1989; Park et al., 2013) . Teng and Timmer (1995) reported that the growth of Abies holophylla trees decreased due to the increasing acidity in soil and aluminium toxicity caused by applying nitrogen fertilizers excessively beyond the proper level. In this study, Cinnamomum yabunikkei and Neolitsea sericea also sensitively responded to the concentrations of a fertilizer, showing damage caused by excessive fertilization.
T/R ratio and seedling quality index (SQI)
The T/R ratio is an seedling quality index (SQI) that has been widely used to measure a balance between the above-ground parts that transpire and the below-ground parts that absorb water (Haase, 2007) . However, it is still controversial to determine the quality of seedlings based on the T/R ratio only (Thompson, 1985) . Seedlings with a high dry weight of the above-ground parts and a high T/R ratio show a lower resistance against moisture stress after afforestation and thus poor afforestation performances. In this study, however, the T/R ratio of Cinnamomum yabunikkei seedlings in the non-treated container was the lowest (2.50 g･g -1 ), and those in the 1.0 g･L -1 container was the highest (3.14 g･g -1 ). The T/R ratio of Neolitsea sericea seedlings in the non-treated container was the lowest (1.25 g･g -1 ), and those in the 1.5 g･L -1 container was the highest (2.10 g･g -1
). The T/R ratio of those grown in treated containers was relatively higher, which is attributable to the fact that active photosynthesis activities under sufficient nutritional conditions increase the growth of the below-ground parts. These results coincide with those of Cho et al. (2012) on the growth characteristics of broad-leaved seedlings in containers treated with the different concentrations of a fertilizer, and since the T/R ratio of seedlings in all the treated containers was slightly lower or higher than 3.0 g･g -1 , which was a tolerable level.
Meanwhile, Haase (2007) reported that for seedlings grown in open fields the T/R ratio needs to be 3.0 or slightly lower than that. Those with the T/R ratio ranging from 2.5 to 3.0 can be recognized as a healthy seedling in Korea, similar to the range of other countries. The recommended T/R ratio was compared with the results of this study, and those grown in treated containers which showed a relatively high plant length and root collar diameter and a high dry weight were also found to have a relatively high T/R ratio. It was found that the 1.5 g･L -1 and 1.0 g･L -1 concentrations of a fertilizer are suitable for producing 3-year old container-grown Neolitsea sericea and Cinnamomum yabunikkei seedlings respectively.
Seedlings grown in containers treated with a proper amount of a fertilizer have a high photosynthetic capacity and also show high growth and survival rates after afforestation (Leiva and Fernandez-Ales, 1998; Oliet et al., 2009) . This is attributable to the fact that a proper amount of a fertilizer increases the capacity of roots to absorb and transport water (Chirino et al., 2008; Trubat et al., 2008; Hernandez et al., 2009 ). The high-quality seedlings produced through the proper fertilization process are expected to show better afforestation performances.
The seedling quality index (SQI) showed a statistically significant difference between the different concentrations of a fertilizer, and the SQI of Neolitsea sericea seedlings in the 1.5 g･L -1 container was the highest (0.79). and that of Cinnamomum yabunikkei seedlings in the 1.0 g･L -1 container was the highest (0.77) (Fig. 1) . Whereas, the SQI of seedlings of both of the two species in the 2.0 g･L -1 container decreased to 0.66 (Neolitsea sericea), and 0.63 (Cinnamomum yabunikkei), which coincides with the results of the root collar diameter, plant length and dry weight. This indicates that when the above-ground and below-ground parts grow in a balanced way, not only the physiological and growth characteristics of seedlings but also their quality can be improved.
Based on these results, it can be concluded that changes in the nutritional conditions of seedlings in containers depending on the concentration of a fertilizer in greenhouses are very closely related to the quality and productivity of seedlings, and that proper fertilization results in high-quality seedlings, and, in turn, better performances after afforestation. In addition, it is possible to reduce environmental pollution near seedling nurseries by minimizing the content of fertilizers in leachate, and to shorten the period for cultivating seedlings, providing economic benefits.
Physiological characteristics
Chlorophyll fluorescence reaction
The photochemical efficiency of seedlings depending on the concentration of a fertilizer was analyzed by measuring the maximum net apparent quantum yield, and that of Neolitsea sericea seedlings in the 1.5 g･L -1 container was the highest and that of those in the non-treated container, the lowest, showing a statistically significant difference. The photochemical efficiency of Cinnamomum yabunikkei seedlings in the 1.0 g･L -1 container was the highest, and as the concentration increases, the photochemical efficiency tended to decrease (Fig. 2) . Photochemical efficiency is an important indicator of stress on growth environments (Rascher et al., 2000) , and is closely related to the photosynthesis capacity of plants (Bose et al., 1988) . Photochemical efficiency is in a proportional relationship with photosynthesis capacity. The photochemical efficiency of healthy leaves is around 0.83 (Krause and Weis, 1991) , but, in this study, that of the two species was lower than the level. This results is attributable to the fact that seedlings, 3 months after being transplanted from containers, are also sensitive to other growth environments such as light, temperature, moisture, etc.
Chlorophyll content
The photopigment content in leaves tends to decrease under stress, and thus it has been widely used as an indicator of stress, showing a big difference between species (Han et al., 2009; Kim et al., 2001) . Changes in chlorophyll a, chlorophyll b, total chlorophyll content and a/b ratio depending on the concentration of a fertilizer were measured. Neolitsea sericea seedlings showed a statistically significant difference in chlorophyll a, chlorophyll b, and total chlorophyll content, and those grown in the 1.5 g･L -1 container showed the highest chlorophyll content (Table 3) . Cinnamomum yabunikkei seedlings grown in the 1.0 g･L -1 container showed the highest chlorophyll content, which coincides with the results of photochemical efficiency. The a/b ratio of seedlings grown in the treated containers was higher than that of seedlings grown in the non-treated container, which indicates that the growth rate of chlorophyll a in the treated containers was higher than that of chlorophyll b. The photosynthesis capacity of plants is very closely related to nitrogen content (Kim and Lee, 2001) , and this is because over 70% of the nitrogen content in leaves forms proteins related to photosynthesis (Hikosaka and Terashima, 1995) . In other words, excess or deficiency in nutrients caused by fertilizers can reduce the photosynthesis capacity of plants in greenhouses, and affect the creation of chlorophyll that is very closely related to photosynthesis activities (Cho et al., 2012) . The chlorophyll content in seedlings in the treated containers was higher than that in seedlings in the non-treated container, which coincides with the results of the growth characteristics.
The chlorophyll fluorescence reaction and content results indicate that fertilization affects the capacity of plants to secure light in the light reaction process in greenhouses (Kwon et al., 2009) . Fertilization is related to the photosynthesis and growth activities of plants, and thus significantly affects the production and quality of seedlings in the process of cultivating them (Cho et al., 2012) . In addition, seedlings grown in containers treated with a proper amount of a fertilizer have a high photosynthetic capacity and also show high growth and survival rates after afforestation (Leiva and Fernandez-Ales, 1998; Oliet et al., 2009) . This is attributable to the fact that a proper amount of a fertilizer increases the capacity of roots to absorb and transport water (Chirino et al., 2008) . Considering this process, a proper amount of a fertilizer for Neolitsea sericea and Cinnamomum yabunikkei seedlings for healthy growth are found to be 1.5 g･L -1 and 1.0 g･L -1 respectively, which is also expected to improve the performances of afforestation.
Conclusions
This study aimed to examine and analyze the growth characteristics of seedlings, grown in containers treated with a water soluble compound fertilizer (N:P:K=19:19:19, v/v/v), including root collar diameter, plant length, dry weight and seedling quality index (SQI), and their physiological characteristics, including photochemical efficiency and chlorophyll content, and to identify a proper amount of a fertilizer for each species. Two broad-leaved plants that are widely used for afforestation (Cinnamomum yabunikkei and Neolitsea sericea) were used in this study. The growth characteristics of seedlings depending on the concentration of the fertilizer were analyzed first, and Neolitsea sericea seedlings in the 1.5 g･L -1 container, and Cinnamomum yabunikkei seedlings in the 1.0 g･L -1 container showed the highest root collar diameter and plant length. The H/D ratio of those that showed the highest root collar diameter and plant length was calculated, and that of Neolitsea sericea and Cinnamomum yabunikkei was 7.0 cm･mm -1 and 9.3 cm･mm -1 respectively, which was statistically significantly higher than those grown in other containers. The dry weight of Neolitsea sericea seedlings grown in the 1.5 g･L -1 container was the highest (5.92 g), and that of Cinnamomum yabunikkei seedlings grown in the 1.0 g･L -1 container was the highest (6.01 g). Seedlings with a high dry weight also showed a statistically significantly high T/R ratio and SQI. The physiological characteristics of seedlings depending on the concentration of the fertilizer were also analyzed, and the chlorophyll fluorescence reaction and content of seedlings of the two species grown in the non-treated containers were low. Neolitsea sericea seedlings in the 1.5 g･L -1 container, and Cinnamomum yabunikkei seedlings in the 1.0 g･L -1 container showed a high chlorophyll fluorescence reaction and content. Based on the results of this study, it can be concluded that a proper fertilization level differs depending on the amount of nutrients required for each species, and that the 1.5 g･L -1 and 1.0 g･L -1 concentrations of a water soluble fertilizer are suitable for producing 2-year old container-grown Neolitsea sericea and Cinnamomum yabunikkei seedlings that have a high growth rate and SQI, respectively. However, since 2-year old young seedlings were used in this study and short-term reactions to the different concentrations of a fertilizer were analyzed only, it is difficult to predict their long-term reactions based on the results. In addition, seedlings are mostly produced in greenhouses or nursery fields, and it is necessary to conduct additional studies on the reactions of plants to rapidly changing climate conditions in the future. Since the reactions of each species to the different concentrations of a fertilizer significantly differs, it is also necessary to continuously conduct studies on more species that are widely used in Korea and are sensitive to climate change.
